Several disorders, such as renal colics, stroke, atrial fibrillation and others, are epidemiologically associated with seasonality and microclimatic variations. Although evidence is still limited, an association between psychiatric emergencies and seasonality has also been previously described. In order to elucidate the possible association between weather and incidence of psychiatric emergencies in a country with temperate climate, we analyzed the influence of day by day climate changes on the number of visits for psychiatric emergencies in an urban emergency department (ED) of northern Italy. All ED visits for psychiatric emergencies were retrieved from the hospital database from 2002 to 2010. The total number of ED visits was 725,812 throughout the study period, 11,786 of which for emergency psychiatric problems. We found a strong seasonal distribution of emergency psychiatric visits, peaking in summer and at the beginning of spring. The linear regression analysis showed a strong positive association between number of daily emergency psychiatric visits and mean daily air temperature (R=0.82; P<0.001), and an inverse association with mean daily air humidity (R=-0.52; P<0.001). These findings suggest that psychiatric disorders follow a significant seasonal variation, so that it may be advisable to strengthen psychiatric emergency services during the hottest months.
Introduction
The existence of a relationship between meteorological variables, human behavior and diseases has been a matter of debate since ancient times, and has entrenched more in popular belief and in myths than in scientific knowledge. 1 From the middle of the past century, however, this phenomenon has been investigated with more appropriate epidemiological and clinical tools, so that we have now reached a point where we can better analyze some popular beliefs under the light of science. Several studies, with different strength of evidence, have shown that an association may exist between meteorological variables and different human disorders such as stroke, 2,3 renal colic, 4 ,5 myocardial infarction, 6 atrial fibrillation, [7] [8] [9] [10] asthma, 11, 12 and arthritic pain. 13 Subjective experiences referred from patients, including variation in pain thresholds and mood swings associated with weather changes, seem to support the existence of a genuine relationship and pave the way to further research on this topic. The seasonality in mental disorders has been recognized for long. A worsening of symptoms has been observed in winter and spring for unipolar depression, 14, 15 in fall for bipolar depression, 16 in spring/summer for manic episodes, [17] [18] [19] in August and December for panic disorder, 20, 21 and in winter for eating disorders. [22] [23] [24] Moreover, a seasonal variation of suicide rates has been also observed, [25] [26] [27] peaking in springtime. 28, 29 Since psychiatric patients, especially with anxiety and depressive disorders, are known to be high users of emergency medical services, [30] [31] [32] a relationship between weather conditions and number of visits to the emergency department (ED) should be expected. Nevertheless, only a limited number of studies has focused on the relationship between seasonality and ED visits for psychiatric emergencies, [33] [34] [35] or has been specifically designed to explore the association with meteorological variables. [36] [37] [38] [39] [40] Therefore, the aim of this study was to investigate the association between the rate of ED visits for psychiatric emergencies and variations of air temperature or humidity assessed on a daily basis.
Materials and Methods
All data about patients for whom a psychiatric visit was requested by the emergency physician of the ED of the University Hospital of Parma from 1 January 2002 to 31 December 2010 (3287 days) were retrieved from the database of our facility. Information about the precise onset of symptoms is lacking, but virtually every behavioral emergency is referred to the ED within a few hours in our area. It is not usual for patients to return to the ED within days or weeks for the same psychiatric emergency, because 41% of them have been admitted to a psychiatric ward, and every patient discharged from ED is typically referred to a psychiatric outpatient follow-up. However, a significant number of repeated visits for the same patient has been recorded (i.e., 58% of the visits are related to patients visited in the ED more than once during the observational period). With few and negligible exceptions, the vast majority of patients were residents in town or in the immediate neighborhood, within 20 km from the weather monitoring station. Urban and rural populations were represented in a nearly equal frequency, according to the distribution of population in our province. The University Hospital of Parma is a 1250 bed teaching general hospital, serving a population of about 340,000 inhabitants, and it is the only hospital in the area. Our hospital is also a level 2 Trauma Center, and a referral center for stroke and myocardial infarction. The population of our region is relatively stable, with the only exception of immigration, which causes a consistent increase of approximately 0.5% inhabitants per year, so that fluctuation in number of visits within the same year is unlikely to be attributable to variation in number of inhabitants. For all the 3287 observed days, the meteorological data referred to the province of Parma were obtained from the Environment and Climate Regional Agency of Emilia-Romagna Region. 41 The site of measurement, located downtown, was at 10. tinental with 777 mm precipitation per year, peaking in fall and spring. The peak of raining season is in October (averaging 110.2 mm per day), whereas July is typically the driest month (averaging 37.6 mm per day). The summer is hot and humid, with peak temperatures ranging from 30 to 35°C, while winter is cold, with minimum temperatures seldom below -20°C. The mean estimated temperature throughout the study period was 13.5°C (±8.6°C). The number of days with temperature comprised within one standard deviation was 1902 (i.e., 58%). The relative mean humidity in this area was 71% throughout the study period, with a maximum of 100% and a minimum of 28% in January and March, respectively (Table 1) . 41 The measurements of air temperature and humidity used in this study were performed on a 1-h basis, and the mean temperature and humidity of each single day was then calculated. The chronological data of all visits for psychiatric emergencies were associated with climate data by multiple univariate linear regression analyses, using the program Mathematica7 ® . We then developed a linear model with assumed independent normally distributed errors, providing a formatted analysis of variance table for the model (ANOVA). The t statistics is the estimates divided by the standard errors. Each P value is the two-sided P value for the t statistics and can be used to assess whether the parameter estimate is significantly different from zero. In particular, we calculated univariate linear regression analysis between the number of visits for psychiatric emergencies and the mean daily temperature (°C) or the mean daily humidity (%).
Results
Our local ED recorded 725,812 patient visits throughout the observational period, with an average of 221 patients per day. The total amount of visits increased from 80,538 in 2002 to 83,919 in 2010, thus showing a positive incremental trend. A total of 11,786 emergency psychiatric visits were recorded during the same period (51% males and 49% females). The mean age of the entire population was 40±16 years, and the distribution for age and gender is shown in Table 2 . It is noteworthy that, in our facility, behavioral emergencies related to dementia are classified as geriatric emergencies, and thus are usually not referred to the psychiatrist. The small number of elderly patients mostly represent true elderly psychiatric patients. The rate of admission to a psychiatric ward, following the ED psychiatric visit, was 41%. We found a strong seasonal distribution of emergency psychiatric visits, peaking in summer and at the beginning of spring (Figure 1) . We also observed a strong positive association between number of daily emerArticle Table 1 . Average weather characteristics of the province of Parma stratified by month.
January February March April May June July August September October November December Annual
Average max. T, °C 4 (39) 8 (46) 14 (57) 
Number of emergency psychiatric visits a day=3.2526-0.02452 T/°C (eq. 1)
Mean temperature (T) was hence strongly associated with the number of emergency psychiatric visits. In particular, the number of emergency psychiatric visits was 3.25 per day for winter days with a T near 0°C, while the number of emergency psychiatric visits was 4.0 per day in hot summer days with T near 30°C, with a relative increase of 22.6%.
We also found an inverse association between number of daily emergency psychiatric visits and mean daily air humidity (R=-0.52; P<0.001) (Figure 3 ), which was described by the following equation:
Number of emergency psychiatric visits a day=4.277-0.00963 H/% (eq. 2)
Mean humidity (H) was inversely associated with the number of emergency psychiatric visits. The number of emergency psychiatric visits was 4.0 per day in dry summer days with H close to 28%, whereas, the number of emergency psychiatric visits was 3.31 per day in winter days with H close to 99%, with a relative variation of -17.3%.
As mentioned above, a significant number of repeated visits was recorded. Specifically, 42% of the visits were performed for patients visited only once in 9 years, whereas 58% of the visits were related to patients visited in the ED more than once during the same period. In particular, 4299 visits were performed for 1470 patients who were visited less than once per year, whereas 782 visits were performed for only 9 patients, visited more than 50 times during the observational period (in one remarkable case, reaching 175 times). Obviously, the latter group represents the typical frequentflyer patients, i.e., alcoholic, addicted and homeless subjects.
Discussion
In this study, which is supposed to be the largest ever performed to investigate the association between short term variation of climate and number of ED visits for psychiatric emergencies, we explored the relationship between temperature and humidity recorded on a daily basis and the rate of ED visits for psychiatric emergencies.
According to the results of this retrospective investigation, two main findings emerged. First, we were able to confirm the existence of a strong positive association between air temperature and number of ED visits for psychiatric emergencies in a region with continental and temperate climate. Second, we found a negative association between air humidity and number of psychiatric emergencies.
These findings confirm the results of previous studies, which found a positive association between ED psychiatric visits and temperature, 33, [36] [37] [38] [39] [40] while only partially overlap with studies that observed an impact of heat waves (high temperature and humidity) on ED psychiatric visits. [37] [38] [39] A possible explanation of this discrepancy could lie in the different study design. Indeed, we considered a nine year period compared with three 37 or five months per year, 39 in a temperate continental climate setting different from the continental/sub-arctic one. 39 Researchers have formulated several hypotheses about the influence of the weather on human behaviors, although a small number of defined syndromes have been proposed in the literature so far. The serotonin irritation syndrome, for example, has been described as an anxiety state occurring in the presence of elevated levels of atmospheric or ambient cations, and is associated with elevated central and peripheral serotonin levels. It is clinically characterized by anxiety, insomnia, migraines, vomiting, breathing difficulty and rheumatoid pain. 42, 43 We can thus suppose that these symptoms, in an already vulnerable psychiatric patient, could trigger a psychiatric emergency. Although mainly supported by animal studies, an exhaustion syndrome, associated with warm winds and heat waves, has been described in association with a deficiency of catecholamines, with symptoms such as hypotension, fatigue, apathy, lack of concentration and episodes of hypoglycaemia. 44 Unfortunately, no studies have been performed in humans so far, which could hence confirm the aforementioned hypothesis.
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The correlation between low humidity and psychological distress has been widely studied indoor. The sick building syndrome 45 postulates that low humidity in association with high temperature or other factors (i.e., air ventilation, dust) may produce an effect on workers' health. In particular, an increase of humidity was found to be associated with decreasing symptoms. 46 Interestingly, another study 33 described that warm and dry winds, associated with low humidity and high positive ions, were positively correlated with the levels of agitation in ED patients. Therefore, we can hypothesize that high temperature and low humidity have a double adding effect on human psychology.
Intolerance to heat waves has also been observed in psychiatric patients. This could be attributed to both abnormal thermoregulation 47, 48 and behavioral habits. 39 Psychotic patients, in particular, lack in autonomy and tend not to use medical services 49 despite the greater burden of medical comorbidity with a lower life expectancy than the general population. 50, 51 Other factors may influence heat vulnerability among persons with mental illness, such as insufficient hydration, inappropriate clothing, and persons with paranoid, avoidant, schizoid, or agoraphobic symptoms may be reluctant to leave home. Moreover, a decrease in the availability of significant caregivers (family members) or medical and mental health services (general practitioners, psychiatrists) has been observed in summer, probably because of the holidays. Accordingly, worse consequences of substance assumption have been described in patients with substance use disorders with higher temperatures, 52 along with an increase of admissions for dementia, i.e., for dehydration and electrolytic imbalance. 53 It is also noteworthy that seasonality of psychiatric disorders itself could have influenced our results, which may be reflected by the peak in August of panic attacks 54 associated with the increase of manic/hypomanic episodes. 55, 56 In our ED we have observed a slight decrease of total visits during summer months in the last fifteen years, with July and August exhibiting a 5 to 8% lower prevalence than March or November. Therefore, we can not explain our findings in terms of correlation with increase of total ED visits.
As reported in the Methods section above, the population of our region is relatively stable, with the only exception of immigration, which causes a consistent increase of approximately 0.5% inhabitants per year. As earlier observed in a five year survey, 57 the immigrants account for 15.4% of the total Parma's ED visits, despite representing 13.5% of the whole population. This percentage seems to be stable, so that fluctuation in the number of visits within the same year is unlikely to be attributable to variation in the number of inhabitants. This large investigation has some limitations. The time of the visit is related to the onset of symptoms, and obviously not of the disease. However, the significance of our findings relies in the potential effect of climate in decompensating a clinical problem, rather than in the more complex and still largely unknown field of ethiology of psychiatric disorders. This also holds true, for example, in the correlations found between renal colics and climate variations, since the pathogenesis of renal stones is a complex, time-consuming and multifaceted process, but the abrupt onset of the colic just entails a short period, in a specific clinical and environmental condition. 4, 5 Due to lack of data, we could not analyze the possible correlations with other climatic variable, such as winds, 58 day-light 59 and time spent outside. 60 We here describe a heterogeneous sample of patients visited for psychiatric emergencies, and it remains unclear whether different diagnostic subgroups may display similar correlations. We have just started a prospective study, where the same climatic correlations will be investigated in patients subdivided in different psychopathological categories. The number of repeated visits for the same patients recorded throughout the entire period should also be considered as a predictable finding, since it is well recognized that psychiatric patients, alongside with alcoholic ones, are likely to be frequent visitors. 61 
Conclusions
Psychiatric emergencies clearly have more complex causes rather than just meteorological factors. In some cases, weather might be a triggering factor, and the findings of the present study suggest that it may be advisable to strengthen psychiatric emergency services during hot months. Since most of the patients are unaware of the risks from temperature/humidity exposure, suitable psycho-education counseling should be combined with outpatient care programs. Future research should also focus on the impact of other environmental variables and evaluate risk assessment and precautionary perspectives on specific disorders. 
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